Introduction
The traditional focus of engineering education on technical problem-solving has left little room to develop skills for making wise, informed decisions through reflective thinking. Beyond math, science, and technology, the arts and humanities can provide important and often neglected perspectives for engineers to consider as they wrestle with the complex and interrelated problems of today. In this work-in-progress paper, we contribute to the literature by advancing understanding of the effects of visual art on developing reflective engineers. Indeed, the importance of reflection in engineering is increasingly being recognized in the engineering education community (Sepp et al. 2015) . This work also contributes to the engineering education literature on broad thinking (e.g., see Kilgore et al. 2007 and Morozov et al. 2007 ), contextual competence (e.g., Ro et al. 2015; 2012) , as well as addressing the ASEE Multidisciplinary Engineering Division's current call for papers requesting innovative educational approaches that intentionally promote development of professional, non-technical skills. Finally, this work supports ABET and other engineering accreditation programs around the globe (see ABET 2016; ENAEE 2015; IEA 2013) , which continue to call for students to understand the impact of engineering solutions in global, economic, environmental, and societal contexts as well as the professional and ethical responsibilities of the engineering profession.
As part of a larger project examining whether and how art and the humanities might help engineers to be more reflective in their work, the goal of the present study is to explore the impact of a Visual Thinking Strategies (VTS) training workshop on engineering students' reflective thinking as revealed through their written observations of art. As a teaching/learning technique created under the collaboration of a cognitive psychologist and a former director of The Museum of Modern Art (see Yenawine 2013 or http://vtshome.org/about/), VTS is a group activity led by a facilitator and involves viewing and discussing a piece of visual art. For an effective VTS session, an image of sufficient detail and character, usually a painting or a photograph, is selected and discussion is initiated by asking the question: "What's going on in this picture?" While the question is simple, choosing a developmentally appropriate image and facilitating a collaborative, engaging, and pedagogically effective discussion session both require careful sensitivity (Hancock 2016; Housen & Yenawine 2011) , so training and practice are needed for VTS educators/facilitators (Hailey, Miller, & Yenawine 2015) .
VTS was initially designed to help teachers and children better retain information presented at the educational programs of museums, but since its creation a few decades ago it has also proven valuable in other fields. For example, it now finds application in medical and nursing schools to enhance observation and diagnostic skills, as well as in other areas of higher education, such as for communicating science research findings to others (Reilly, Ring, & Duke 2005; Hailey, Miller, & Yenawine 2015; Hancock 2016) . However, it appears there has been little use of VTS in engineering education to date, and there are virtually no articles documenting its use in the engineering education literature. This study may well be the first to examine the effects of VTS on engineering students.
In this mixed-methods study, we employ qualitative analyses of writing samples and statistical analyses of survey responses to explore the impact of a VTS workshop on upper-level environmental engineering student's reflective thinking. The work is motivated by the following research questions:
1) In what qualitatively different ways do engineering student observations about art change after learning VTS? 2) To what extent might learning VTS change engineering student perceptions of their own contextual competence?
The first research question builds on the idea that writing about an ambiguous visual representation of something (i.e., art) requires one to think about and reflect on the object under observation. In contrast with common notions of reflection in education that focus on explicit attention to the self (e.g., autobiography or journaling), we suggest that writing about art can be considered an implicit form of reflection that draws on one's individual knowledge and background to generate distinctive perspectives for observation and interpretation. This suggestion is consistent with the philosophy of VTS (though VTS further enables participants to broaden their views through interaction with others).
The second research question builds on the construct of contextual competence developed in the engineering education literature (see Ro et al. 2012 and . It is defined as an "engineer's ability to anticipate and understand the constraints and impacts of social, cultural, environmental, political, and other contexts on engineering solutions." Contextual competence is a skill we anticipated VTS might be capable of influencing; while we did not expect to see much change in measures of this construct after a single intervention and over a short time period, we decided to pilot this construct in preparation for a future longitudinal study that involves VTS and other types of exposure to the arts and humanities.
Methods

Data Collection Procedure
To collect data for our pilot study, we held a 4-hour Saturday VTS workshop for the students at the Museum of Texas Tech University in collaboration with a visiting expert on VTS (the director of the museum from another university). In order to assess participants' initial abilities and perspectives on art, contextual competence, and reflective thinking, we first asked the students to complete a pre-survey and spend 15-minutes experiencing a large mural drawing while writing a short, open-ended essay about what they observed. The students then attended an introductory talk about VTS in a museum classroom and participated in facilitated group discussions of several images shown on screen via a projector. After lunch, the students were divided into two groups for guided walks through some of the museum's galleries to practice facilitating VTS discussions themselves, choosing from among paintings we had pre-selected. To assess the impact of the VTS workshop, the students then wrote two more short, 15-minute essays: one completed in front of the same mural, and another in the museum classroom about a selected photograph depicting a different theme, thus enabling us to explore far-transfer of their VTS learning in future work. Finally, the students completed a post-survey. In this paper, we will present preliminary findings from the ongoing analysis of the essays as well as select items from the pre-and post-surveys.
Instruments
Short Essay Prompts
The prompts for short essay at the mural before and after the VTS workshop were identical and read: "Describe what you see in the mural." * The large (17 by 40 foot) mural was painted in black India ink on white plaster and depicted a rural river scene featuring a timber crib dam with rocks, weeds, and large woody debris, as well as numerous smaller details such as a floodgate, ranchers, a crane, horses in field, a grove of trees, and flat-top mountains in the distance. A partial photo of the mural, which captures only some of its detail and little of its magnitude, appears on the artist's website at http://peterrogersartist.com/r38b.html.
All essay prompts were accompanied by a statement indicating a desired word length of 200-500 words, requesting that students strive to compose a coherent, organized, and complete essay, and encouraging them not to worry about correct spelling or grammar.
Survey Questions
The pre-survey contained 27 items and the post-survey contained 34 items. Both surveys included 4 rating items from Ro et al. (2015) designed to gauge student perceptions of their own contextual competence; these items are given in Table 1 . In addition to these questions, both surveys included the same 23 Likert-type questions that asked a variety of questions to gauge perspectives on art interest, the value of art, ambiguity, relationships between art and engineering, problem solving complexity, and creativity. Examples of these 23 survey items are given in Table 2 ; however, these are provided to the reader primarily for context: responses to most of these questions will not be analyzed in this paper for the sake of brevity. Finally, the questions appearing only in the post-survey are provided in Table 3 . All data collection instruments were completed on paper. Clipboards and writing utensils were provided to all students as needed. If there is a class session that involves art, I want to attend it.
6
Visual Thinking Strategies (which uses art to develop students' observational skills and critical reasoning) is a valuable teaching and learning tool for engineering students. 7
Art can be useful in helping engineering students to become reflective and ethical. 12
In solving an engineering problem, there is usually one "right" answer. 15
Art can challenge one's thinking. 19
The work of an engineer rarely requires him or her to consider ambiguity. 21
Art and engineering are at opposite ends of the continuum of human knowledge. 22
Creative thought is not useful to engineers. 24 I sometimes feel that my thought processes, as an engineer, are creative. 
Analysis Methods
Given the research questions and instruments above, we studied the data using both quantitative and qualitative methods. To address the first research question, we performed an inductive, emergent coding of the pre-and post-VTS essay responses. We first transcribed the hand written data, and then used a qualitative data analysis software program called Quirkos to manage and code the data. In this work-in-progress paper, we report partial, preliminary results of a thematic analysis performed by a single coder and focused on the rhetorical functions served by the writing found in each essay. The rhetorical functions of the writing served to illustrate relative degrees of reflective thinking, as described in Section 3.1 below. Coding was based on units of meaning found in the text and thus applied to passages of variable length including phrases, sentences, and/or paragraphs where appropriate. These codes were not mutually exclusive (i.e., multiple codes may have been applied to separate and/or overlapping passages in each essay). To address the second research question, we used standard statistical methods, in this case descriptive statistics and two-tailed t-tests for correlated samples, to analyze the pre-and postsurvey responses from the contextual competence rating scale of Ro et al. (2015) .
From these analyses, we expected to gain insights into how well the VTS workshop promoted reflective thinking in undergraduate environmental engineering students. We will use this work as a pilot study to inform our ongoing and future efforts toward a longitudinal study. Indeed, this work is part of a larger curricular effort geared at producing reflective engineers through innovative and transformative curriculum and pedagogy that goes beyond what traditional engineering curricula can offer.
Participants
The sample population for this pilot study was comprised of upper-level undergraduate students recruited from a large, environmental engineering course at a university in the southwestern United States. This large, public research university is categorized as "Doctoral Universities: Highest Research Activity" by the Carnegie Classification of Intuitions of Higher Education (IUCPR, 2016) . Students were incentivized to participate in the study with extra-credit to be applied to their course grades by their instructor, who was not a member of the research team.
Thirteen students participated in the pilot study. For comparisons of the essays in this work-inprogress paper, we report a preliminary qualitative analysis of approximately half the participants (n=6) writing. For statistical comparisons of the survey responses, we chose to remove one survey, due to response inconsistency (reverse-coded survey items suggested the participant did not read the questions and simply circled 4 or 5 for all questions), therefore n=12 for comparison of the pre-and post-survey responses. Basic demographics for the participants were collected in the post-surveys and are reported here in Table 4 (rather than in the Findings) for the reader's convenience. 
Findings
As this is a work-in-progress paper and analysis is ongoing, only partial findings are presented here. Specifically, they are based on (1) a qualitative analysis of about half the participants' preand post-VTS essays (n=6), as well as (2) a selection of items from all of the participants' preand post-survey responses (n=12).
Essay Response Analysis Results
Inductive coding of the essays has revealed eight different themes that describe the rhetorical function of the writing: Description, Interpretation, Focus/Point/Meaning, Technique/Style, Outside the Image, Reflects on Previous, Thought/Feeling, and Value. Each of these are summarized in Table 5 and then described and illustrated with quotations below. The rhetorical functions of the writing serve to indicate relative degrees of reflective thinking, with the "Description" theme being the least reflective (directed externally and focused on the art) and the other themes being more reflective across a variety of dimensions. For example, the "Interpretation," "Focus/Point/Meaning" and "Technique/Style" themes, while also externally directed, are more likely to include considerations beyond the art to include the artist. In contrast, the themes of "Reflects on Previous" and "Thought/Feeling" are internally directed to focus on the participants themselves as observers. The "Outside the Image" and "Value" themes reflect an interplay between the internal and external: between the self and the art.
Description
Given the focus of the prompt, every essay contained writing that functioned to describe the content observed in the given image. For example, one student (S03) wrote the following in his pre-VTS essay: Interpretation Like the quote above, most essays also contained writing that functioned to interpret the content in the image. For example, another student (S02) wrote in his pre-VTS essay: Here, phrases like "inhospitable climate" and "providing sustenance for..." serve as layers of interpretation on the more objective indications of the objects depicted, namely the dam, the water, the human, and the animals. Even simple word choices like "worker and his herd" indicate interpretations that are more subjective, e.g., because the sex of the human in the picture is not necessarily clear, and his or her actions could be interpreted in different ways, such as working to clear the floodgate or even fishing as indicated by another student (S05) who wrote in his post-VTS essay:
"The man appears to be fishing as he has a rod in the water also suggesting dinner time."
Regarding the Interpretation row of Table 5 , the reason for its negative change is that one student wrote a very brief response on their post-VTS essay (see the "Reflects on Previous" section below) and did not include any interpretation of the content he observed.
Focus/Point/Meaning About half of the essays contained writing that functioned to suggest a main focus, point, or meaning of the art. For example, S04 indicated in his pre-VTS essay what he thought the overall theme or intent of the mural might be:
"This mural seems to be showing the peacefulness of the Old West expansion in the United States, but also the emptiness + loniness[sic] someone might have felt when living at that time."
Furthermore, in the conclusion of his post-VTS essay, he summarized his understanding of the mural's objective as:
"It seems this art isn't to sway opinion but to show a way of life, due to the amount of detail on the smallest of objects."
Other essays were apparently more directed at the art's focus than its meaning, such as S01 who wrote in his pre-VTS essay:
"The primary focus of this mural seems to be the dam which is halting river flow."
Technique/Style Some student writing functioned to show awareness of the artist's technique or style and/or how it was used. For example, several students commented on the striking detail of the mural, such as S03 who wrote the following in his pre-VTS essay:
"First, you notice the incredible amount of detail that every item has. It is drawn / painted in greyscale. The realism is wonderful. The detail of the objects "closest" to you are highly contrasted, while things in the background seem to fade away giving great realistic perspective."
This focused on the technique, expressing an appreciation of it, but later in his post-VTS essay he wrote:
"This work is very detailed. It draws attention to almost every facite[sic] of the composition... The artist shows that every part brings a valuable dimension to the scene. I believe the artist is trying [to] almost envelope the viewer in the story of the scene."
This illustrates an awareness of the impact or effect of the technique while attributing intention to the artist.
Outside the Image In their post-VTS writing, most students provided writing that functioned to indicate something outside of the image, such as the viewer, the artist, or some object suggested by the image. An example is provided in S01's post-VTS essay. When writing about various divisions in emphasis he perceived within the mural, he expanded this perspective to the world outside the mural:
"There is even a division between the scene in this photo and the world which exists outside of the scene depicted."
Reflects on Previous
About half of the post-VTS essays contained writing that functioned to express reflection on the student's previous thoughts (i.e., during the pre-VTS essay) about the art. For two of these students, they reflected on new perspectives gained, such as S03, who wrote:
"The things that are drawing my attention now are more detailed..."
The post-VTS essay of S02, however, began with a brief list of some of the objects he noted in the mural previously, and then went on to state that he did not notice anything new the second time around:
"I see exactly what I saw before. I remember what I wrote and I can't think of anything new."
Because of this, S02 wrote a very brief response to the post-VTS essay (see the Interpretation section above). This was the only case of such a response in all 13 participants' essays.
Thought/Feeling A few of the students provided writing that functioned to indicate how the art made the them think or feel. For S05, his pre-VTS essay suggest that it evoked a pleasant thought:
"The first thought in looking at the mural is a thought of relaxation and peacefulness. It reminds me of survival, a way of living."
Value One essay provided writing that functioned to convey the value or worth of the art. S04's post-VTS essay read:
"The detail spent is what makes this artwork what it is + unique to itself."
To conclude this section, we note that beyond the functions of Description and Interpretation, a number of other types of more reflective student writing were evident. While they were generally less prevalent, they provide evidence of the influence of VTS on engineering student's reflective thinking.
Survey Response Analysis Results
A preliminary statistical analysis of the pre-and post-VTS survey responses for the Contextual Competence survey items of Ro et al. (2015) is summarized in Table 6 . It shows an overall pre to post mean value increase of 0.2 (out of 5) that is very nearly statistically significant (p = 0.06) and has a small to moderate effect size of 0.31 (Cohen's d). Curiously, only the third of the four individual survey items ("ability to use what you know about different cultures, social values, or political systems in developing engineering solutions") is primarily responsible for this change with a pre to post mean value increase of 0.42 (out of 5) that is statistically significant (p = 0.05) and has a moderate effect size of 0.53 (Cohen's d). This can perhaps be explained by the fact that our VTS training workshop did not address issues of knowledge but of ability or skill, and particularly a skill that is enhanced by the kind of reflective thinking that VTS can conceivably help foster. The lack of change in the fourth item (a small, statistically insignificant decrease, in fact) can possibly be explained by noting that the question is rather vague since it relies on recollection of the contexts definition from the first item and drops the term "engineering." The question may not have been understood or it may have been perceived as too non-specific an ability for students to recognize how VTS might help with it. Also, as Ro et al. (2015) reported, it was the item with the lowest factor loading in their confirmatory factor analysis and gave the highest Cronbach's alpha if deleted. Table 7 provides descriptive statistics for responses to the VTS-related survey questions. These responses clearly suggest that most students had interest and found considerable value in VTS. The first question in the table was asked in both the pre-and post-surveys, but it did not show any meaningful change in value (a non-statistically significant increase of 0.25), likely because we made no attempt to demonstrate or suggest how VTS might be used in engineering education. The other 3 questions were only asked in the post-survey. 
Discussion
Essay Results Discussion
Examination of Table 5 shows that one of the effects of the VTS workshop may have been to encourage thinking beyond description and interpretation of the content and thus to be more reflective. Prior to the VTS workshop, no students wrote of anything outside the image in their essays; however in their post-VTS essays, most of them indicated something, such as the artist, themselves, or something only implied in the image. Post-VTS essays also showed more awareness of the artist's technique or style and/or how it was used than the pre-VTS essays. The workshop may have also prompted some students to reflect on their previous thoughts or observations about the art and to notice differences and similarities. Finally, the VTS workshop appears to have prompted a few students to express how the mural image made them think or feel and to convey the value or worth of the art. These qualitative differences illustrate the reflective nature of participation in the VTS workshop. Also, we can report anecdotally that during the small group sessions in the museum galleries, some of the students spontaneously and explicitly recognized the potential value of VTS for engineering practice in such areas as problem scoping in design and to improve listening and feedback in user-centered design scenarios.
Survey Results Discussion
Comparing the values in Table 6 with those reported on page 48 of Ro et al. (2015) for senior engineering students of all majors and across multiple institutions (n = 2,465) shows that the participants in Ro et al.'s study had comparable, though slightly higher mean values (between 3 and 4) as well as lower standard deviations likely due to their much larger sample size. The mean differences and effect sizes between senior engineering students and alumni (n = 1,283) also reported there were similarly comparable, though Ro et al.'s mean differences were somewhat smaller than ours. Interestingly, the change in mean and effect size values for the third survey item ("ability to use what you know about different cultures, social values, or political systems in developing engineering solutions") in their comparison of seniors and alumni were the smallest of the four questions, while in our study they were the largest of the four. This suggests that development in this ability is the most lacking in engineering education and our findings may suggest that VTS training could help to improve it, perhaps by increasing self-awareness of knowledge of broader contexts (e.g., culture, values, politics, etc.).
Limitations of the Study
We acknowledge here several limitations of our study. First, we recognize the small sample sizes of this pilot study and its lack of a control group. Generalizations based on these findings should be made judiciously: perhaps best viewed as moderatum generalizations that limit both the scope of the claims and the degree to which they are held (Williams 2000; Payne and Williams 2005) .
Second, we recognize that the students self-selected to participate in this experiment, so these findings could reflect the perspectives of a relatively small subset of engineering students who are inclined toward art and reflection. This assertion is somewhat supported by the survey results for questions 5 and 8, which asked about interest in attending classes involving art and the museum, respectively; pre-VTS responses for both questions averaged 3.7 out of 5 (standard deviations equal to 1.1 and 0.78, respectively) with lows of 2, highs of 5, and negative skewness (-0.26 and -0.67, respectively) . However, when we later asked a different group of students from the same class who attended a similar Saturday exercise about moral dilemmas, they almost unanimously said the topic had nothing to do with their decision to participate, but that the date worked well for them and they wanted extra credit. Therefore, we can only speculate on the effects of self-selection bias until more data is collected and analyzed.
Finally, we acknowledge here the difference between the prompt used in this research ("Describe what you see in the mural") and that espoused by the VTS method ("What's going on in this picture?"). It is likely that the prompt we used inclined participants to write responses that were more descriptive of what they saw rather than to interpret or make meaning of it. For the purpose of assessing the impact of the VTS workshop, the prompt we used generated data showing qualitative differences that may have been harder to distinguish using the canonical VTS prompt, which solicits perceptions of activity rather than description. We will explore this difference further in future work.
Conclusions
In this paper, we presented preliminary findings from on an ongoing, mixed methods study exploring the impact of an innovative and art-based educational activity on engineering students' thinking. The activity, a 4-hour Visual Thinking Strategies (VTS) training workshop, was intended to help students to better recognize and appreciate details in art, and to think more deeply about the meanings and possible implications of other works in the museum. We viewed this as a first step toward developing skills of reflection that may eventually transfer to engineering thinking and doing, and our findings here provide evidence that supports that hypothesis. The findings suggest VTS may indeed help engineering students to become more reflective, more aware of their knowledge of broader contexts like culture, values, or politics, and therefor better able to use that knowledge in developing engineering solutions. Furthermore, our sample of engineering students saw great value in and potential for VTS in engineering education and practice.
